Background: This study has attempted to assess the effectiveness of quantitative faecal immunochemical tests (FIT) for triage of people presenting with lower abdominal symptoms, where a referral to secondary care for investigation of suspected colorectal cancer (CRC) is being considered, particularly when the 2-week criteria are not met.
Background
Colorectal cancer (CRC) is the third most common cancer in the UK population overall and in people aged 50 years and over, after breast and lung cancer for females and prostate and lung cancer for males. The Office for National Statistics (ONS) cancer registration data for 2013 showed approximately 35,000 new cases of CRC in England (18,839 males and 14,926 females) [1] . CRC accounted for approximately 11 .5% of all new cancers diagnosed in 2013 (12.6% in males and 10.4% in females) and increased with age to 14.2% of cancers in males and 15.2% in females aged 80 years and over [1] .
The UK has established bowel screening programmes with colonoscopy being offered following a positive faecal occult blood test using a guaiac test or qualitative faecal immunochemical test (FIT). Screening is offered to people between the ages of 60 and 74 years in England, Wales and Northern Ireland, and between the ages of 50 and 74 years in Scotland. Older people can opt to continue screening. Despite efforts to promote screening, the 2015 National Bowel Cancer Audit Report stated that, of all patients diagnosed with CRC in 2014, 55% were diagnosed following a referral by a general practitioner (GP), 9% (20% of those in the eligible age range for screening) were diagnosed through the National Health Service (NHS) Bowel Cancer Screening Programme and 20% were only diagnosed following an emergency presentation (referral source data were missing for 16% of patients) [2] . The Cancer Audit Report recommended work to promote awareness of CRC symptoms, as well as work to promote screening uptake; however, increased awareness of symptoms and consequent presentation in primary care could result in more invasive investigations such as colonoscopy being required. Estimates from the charity Bowel Cancer UK [3] have suggested that there will be a 10-15% year-on-year increase in demand for colonoscopies, which would have an impact on the 2-week suspected cancer referral time applied in England and NHS capacity [4] . Colonoscopy has associated risks which include bowel perforation, bleeding and abdominal pain [5] ; UK NHS audit data have provided an estimated rate of complications (perforations and significant haemorrhages) of approximately 3 per 1000 colonoscopies [6] . A recent review reported that most colonoscopies performed in symptomatic patients do not find either CRC or other serious bowel disease and do not result in changes to the treatment approach [7] . The identification of tests which can help to select those people with symptoms who are more likely to benefit from further investigation is an important goal for optimal use of colonoscopy.
In addition to the 2-week wait referral criteria, the 2015 version of the National Institute for Health and Care Excellence (NICE) guideline 'Suspected cancer: recognition and referral' (NG12) recommended tests for occult blood in faeces in adults without rectal bleeding who are aged 50 years and over and have unexplained abdominal pain or weight loss; are aged under 60 years and have changes in their bowel habit or iron deficiency anaemia; or are aged 60 years and over and have anaemia in the absence of iron deficiency [4] . These recommendations were problematic in that they were widely interpreted as a recommendation for a traditional guaiac faecal occult blood test (gFOBT), a method which has relatively poor sensitivity (approximately 75%) [8] [9] [10] in symptomatic populations and which is no longer widely available in the UK NHS, outside the screening programmes. The recommendations were also criticised for not incorporating clinical judgement and hence potentially leading to high numbers of inappropriate referrals, particularly in younger people [11, 12] .
It has been suggested that using quantitative FIT to select patients for referral has the potential to reduce unnecessary colonoscopies and provide more accurate classification of patients than traditional, symptoms-based guidelines [13] . FIT is recommended in European Commission screening guidelines [14] and has now been approved for use in the Scottish Bowel Screening Programme, the NHS Bowel Cancer Screening Programme in England and Bowel Screening Wales. It is vital to remember that evidence about the performance of FIT in asymptomatic population-based screening populations cannot be used to decide whether FIT should be recommended to inform referral decisions in people with symptoms suggestive of lower gastrointestinal tract disease, particularly CRC. This is because the prevalence of CRC may be higher in a population with low level symptoms than in the wider population who are eligible for screening. Furthermore, FIT used for screening applications may be qualitative analyses or use higher cut-off faecal haemoglobin concentrations than would be considered appropriate for the triage of people with symptoms.
This systematic review analysed the clinical effectiveness of FIT for triaging referrals in people with lower abdominal symptoms, particularly those who would be considered to be at low risk of having CRC. The review was undertaken as part of a diagnostic appraisal to inform the development of new NICE diagnostics guidance (DG30) [15] . The appraisal also included the development of a cost-effectiveness model, which is not included in this article [16] .
Methods
We conducted a systematic review with the main aim of summarising the evidence about the effectiveness of quantitative FIT for triage of people presenting with lower abdominal symptoms, where a referral to secondary care for investigation of suspected CRC is being considered, but the 2-week criteria are not met. Systematic review methods followed the principles outlined in the Handbook for Diagnostic Test Accuracy Reviews [17] , the Centre for Reviews and Dissemination guidance for undertaking reviews in health care [18] and the NICE Diagnostic Assessment Programme manual [19] .
Data sources
The following databases were searched from inception to [2011] [2012] [2013] [2014] [2015] . Furthermore, we contacted experts in the field, with the aim of identifying any unpublished studies. Search strategies were based on index test (FIT assays) and target condition (CRC) and did not include any study design terms or filters [20] ; example search strategies are provided online (Additional file 1: Material S1). No restrictions on language or publication status were applied to any searches.
Inclusion criteria
Diagnostic cohort studies, which assessed the accuracy of quantitative FIT assays in people with lower abdominal symptoms who were being investigated for suspected CRC, were eligible for inclusion.
We included studies where the participant selection criteria were unclear, but where the population was described as symptomatic/suspected CRC and no asymptomatic participants were included. Where studies were conducted in mixed populations (both symptomatic and asymptomatic people included), study authors were contacted to request separate data for the symptomatic people sub-group. Studies conducted in people with preexisting gastrointestinal tract co-morbidities were excluded.
Only clinical evaluations of the following quantitative FIT assays, which are commercially available in the UK, were included: OC-Sensor (Eiken Chemical Co. Ltd, Tokyo, Japan, supplied in the UK by MAST Group Ltd, Bootle, Merseyside); HM-JACKarc (Kyowa-Medex Co. Ltd, Tokyo, Japan, supplied in the UK by Alpha Laboratories Ltd, Eastleigh, Hants); FOB Gold (Sentinel Diagnostics, Milan, Italy, supplied in the UK by Sysmex UK Ltd, Milton Keynes); Ridascreen (R-Biopharm AG, Darmstadt, Germany, supplied in the UK by R-Biopharm Rhone Ltd, Glasgow).
Included studies were required to confirm diagnosis using colonoscopy as the reference standard and to report sufficient data to determine the numbers of true positive (TP), false positive (FP), false negative (FN) and true negative (TN) test results. Where studies reported FIT uptake rates or test accuracy data for other target conditions, in addition to CRC (e.g. adenoma, particularly higher risk, inflammatory bowel disease, organic bowel disease), we also included these data in our review.
Studies were screened for relevance independently by two reviewers, and full text articles of studies considered potentially relevant were assessed for inclusion by one reviewer and checked by a second. Disagreements, at either stage of study selection, were resolved through discussion and consensus, or by consultation with a third reviewer.
Data extraction
One reviewer extracted data using a pre-study piloted data extraction form, and the extractions were checked by a second reviewer; any disagreements were resolved through discussion and consensus or by consultation with a third reviewer. Data were extracted on the following: study details, inclusion and exclusion criteria, participant characteristics (demographic characteristics, presenting symptoms, other CRC risk factors), target condition (CRC, advanced neoplasia (higher risk adenoma or CRC), other significant bowel disease outcomes (as reported)), details of the FIT test (manufacturer, analyser used, definition of cut-off faecal haemoglobin concentration (f-Hb), sampling procedure, detection method), details of the reference standard, definitions of the target conditions, test performance outcome measures (numbers of TP, FP, FN and TN test results) and proportion of study participants who returned a FIT sample (extracted as an indicator of acceptability).
Quality assessment
The methodological quality of included studies was assessed using Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [21] , which uses four domains to assess risk of bias and three domains to assess the applicability of the study to the review question. Studies which reported the diagnostic performance of a risk prediction score that included FIT, in addition to measure of the accuracy of FIT alone, were additionally assessed using the prediction study risk of bias assessment tool (PROBAST) [22] . Quality assessment was undertaken by one reviewer and checked by a second reviewer, and any disagreements were resolved by consensus or discussion with a third reviewer.
Analysis
Sensitivity and specificity, with 95% confidence interval (CI), were calculated for each set of 2 × 2 data. The bivariate/hierarchical summary receiver operating characteristic (HSROC) model was used to estimate summary sensitivity and specificity with 95% CI and prediction regions around the summary points and to derive HSROC curves for meta-analyses involving four or more studies [23] [24] [25] . This approach allows for between-study heterogeneity in sensitivity and specificity and for the trade-off (negative correlation) between sensitivity and specificity commonly seen in diagnostic meta-analyses. For metaanalyses with fewer than four studies, we estimated separate pooled estimates of sensitivity and specificity, using random-effects logistic regression [26] . Heterogeneity was assessed visually using summary ROC plots and statistically using the variance of logit (sensitivity) and logit (specificity), where "logit" indicates the logistic function: the smaller these values, the less heterogeneity between studies. Analyses were performed in Stata 10 (StataCorp LP, College Station, TX, USA), using the metandi command. For analyses that would not run in Stata, we used Meta-DiSc [27] .
Studies were grouped by FIT assay type, by target condition and by cut-off f-Hb. Stratified results tables and ROC space plots are presented to illustrate the variation of test performance by cut-off f-Hb, and flow charts are provided to illustrate the progress of a hypothetical cohort of patients through a diagnostic work-up that includes triage using FIT at the optimal cut-off.
Results

Overview of included studies
The searches identified 5782 references; nine studies, reported in 26 publications , were included in our review. A table detailing the primary and related publications, for each included study, is provided online (Additional file 2: Table S1 ). One additional unpublished study was provided by Sysmex UK Ltd (the supplier of FOB Gold reagents for FIT assays in the UK, manufactured by Sentinel Diagnostics, Milan, Italy). This study was included in the version of our full report, which was considered by the NICE Diagnostics Appraisal Committee when formulating guidance, but it cannot be included in this article because it was provided as 'academic in confidence'. Additional unpublished data were supplied by the authors of two studies [33, 35] . Figure 1 shows the flow of studies through the review process. Full details of the studies excluded after full text analysis, with reasons for exclusion, are provided online (Additional file 3: Table S2 ).
Five studies reported accuracy data for the OCSensor FIT assay (Eiken Chemical Co. Ltd, Tokyo, Japan); one used the io analyser [28] , one used the Diana automated immunoturbidimetric analyser [32] , two used the MICRO desktop analyser [29, 35] and one did not report the analyser used [31] . Three studies reported accuracy data for the HM-JACKarc automated system (Kyowa Medex Co. Ltd, Tokyo, Japan) [33, 34, 52] . The remaining two studies reported accuracy data for the FOB Gold assay; one used the Roche Modular P/917 analyser (Roche Diagnostics Ltd, West Sussex, UK) [30] , and the un-published study, provided as 'academic in confidence, ' and not included here, used the SENTiFIT 270 analyser (Sentinel Diagnostics, Milan, Italy). Five studies reported receiving some funding from manufacturers (including supply of test kits, reagents and analysers) [31] [32] [33] [34] 52] , one study did not report details of funding [30] and the unpublished study was conducted at the request of the test manufacturer. No studies were identified which assessed the diagnostic performance of RIDASCREEN Hb or RIDASCREEN Hb/Hp complex in symptomatic patients.
Study quality
All studies included in this systematic review were diagnostic cohort studies (i.e. studies conducted in a group of patients in whom the presence of the target condition is suspected and which are therefore representative of the setting in which the test would be used in practice); diagnostic case-control studies (i.e. studies in which a test is evaluated in healthy controls and people with a previously established diagnosis of the target condition) were excluded. The methodological quality of these studies was assessed using the QUADAS-2 tool [21] . Two studies were reported only as conference abstracts, with limited descriptions of methods [30, 52] , and two studies were rated as having 'low' risk of bias for all domains [31, 34] . Three studies were rated as 'high' risk of bias on the flow and timing domain [28, 32, 52] , because some patients who returned a sample for FIT (11-38%) were subsequently excluded from the analyses. All of the included studies were rated as having 'high' concerns about applicability to the specific research aim with respect to participants. This happened because all studies included some participants who had symptoms that may be considered to be associated with a higher probability of CRC and which are components of the criteria for 2-week referral as defined in NG12 [4] (e.g. rectal bleeding). In addition, only one study was conducted in a primary care setting, reporting that FIT was requested by GPs at the point of referral to secondary care [28] . The results of the QUADAS-2 assessment are summarised in Table 1 , and full details of the participant characteristics, FIT assay and reference standard for each study are provided online (Additional file 4: Table S3 ). PROBAST assessments for the two studies that reported the development and validation of risk prediction scores [29, 50] are provided online (webAdditional file 5: Table S4 ). All five studies that evaluated the OC-Sensor assay reported accuracy data, where CRC was the specified target condition [28, 29, 31, 32, 35] . The prevalence of CRC, diagnosed at colonoscopy, in these studies ranged from 2.1 to 12.3%. Four studies [28, 29, 31, 32] also reported data for the composite target condition of advanced neoplasia (AN) defined as CRC or higher risk adenoma (HRA), or CRC or advanced adenoma; where a definition was provided, an HRA was defined as an adenoma ≥ 10 mm in diameter or three or more adenomas of any size: advanced adenomas were considered as adenomas > 10 mm in diameter or adenomas with villous architecture or high grade dysplasia [29, 31] . Three studies reported additional accuracy data on various non-malignant and composite target conditions [28, 32, 35] . Accuracy data, for all target conditions and cut-offs evaluated, are summarised in Table 2 , and accuracy data for CRC at all f-Hb cut-offs evaluated are summarised in Fig. 2 .
The optimal test performance (maximising both sensitivity and specificity) appeared to occur with f-Hb cutoffs of 10 or 15 μg Hb/g faeces, with most data being available for the 10 μg Hb/g faeces cut-off. The summary estimates of sensitivity and specificity, using the 10 μg Hb/g faeces cut-off, were 92.1% (95% CI 86.9-95.3%) and 85.8% (95% CI 78.3-91.0%), respectively, based on data from four studies [28, 29, 32, 35] . Figure 3 shows the HSROC for the OC-Sensor assay, using the 10 μg Hb/g faeces cut-off, based on these four studies. As can be seen from Fig. 3 and Table 2 , between-study heterogeneity was greater for specificity values than for sensitivity values; the coefficient of variance of logit sensitivity was 0.0002362 (standard error 0.0145951) and the coefficient of variance of logit specificity was 0.2577195 (standard error 0.2096304).
Three studies reported separate accuracy data, using the 10 μg Hb/g faeces cut-off, for both CRC and the composite target condition AN [28, 29, 32] . The prevalence of CRC across these studies was 3.1%. Using test performance data from these three studies, and a CRC prevalence estimate of 3.1% to consider the outcome of testing for a hypothetical cohort of 1000 patients, the results indicate that, using the 10 μg Hb/g faeces cut-off, two CRCs would be missed and 179 unnecessary colonoscopies would be carried out (assuming that all patients with a positive FIT result receive colonoscopy and that all colonoscopies conducted in patients without CRC are considered unnecessary). CRC would be correctly ruled out by FIT, avoiding colonoscopy, in 789 of the 1000 patients (Fig. 4a) . Expanding the target condition from CRC only to AN resulted in an increase in prevalence from 3.1 to 11.3% [28, 29, 32] . If the 10 μg Hb/g faeces cut-off were applied to the expanded target condition, for the hypothetical cohort of 1000 patients, the number of missed cases would increase from 2 to 42 (2 CRC and 40 HRA); using this cut-off, 137 unnecessary colonoscopies would be carried out and AN would be correctly ruled out in 749 of the 1000 patients (Fig. 4b) . Approximately 22% of those classified as having a false positive FIT result for CRC would have HRA identified at colonoscopy. One study [28] evaluated the diagnostic performance of OC-Sensor (10 μg Hb/g faeces threshold) for a further composite target condition that included CRC and HRA plus inflammatory bowel disease (IBD). Results from this study (Table 2) indicate that 45 of the 151 participants (29.8%) who were classified as having false positive FIT results for CRC actually had other significant bowel pathology (HRA or IBD) and may thus have benefitted from secondary care investigation.
One of the three studies described above also conducted multivariable analysis, using forward conditional logistic regression modelling, with the aim of identifying independent predictors of CRC and AN [29] . The CRC analysis identified male gender (odds ratio, OR 2.39 (95% CI 1.039-5.519), p = 0.041), iron deficiency anaemia (OR 2.99 (95% CI 1.27-7.03), p = 0.012) and f-Hb ≥ 10 μg Hb/g [29] . The results of modelling were used to derive a risk score for AN; the scoring system assigned integer values to each independent predictor based on their coefficients from the logistic regression model [29] . The score ranged from 0 to 11 with points assigned as follows: age < 40 years = 0 points, age 41 to 50 years = 1, age 51 to 60 years = 2, age 61 to 70 years = 3, age > 70 years = 4; female gender = 0, male gender = 2; f-Hb < 10 μg Hb/g faeces = 0, f-Hb ≥ 10 μg Hb/g faeces = 5 [29] . The model was validated using a split sampling technique (data from 680 study participants (67.8%) were used to develop the model and data from 323 participants (32.2%) were used for validation) [29] . In the validation sample, a risk score ≥ 5 had a sensitivity for AN of 88.1% (95% CI 74.3-96.0%) and a specificity of 63.3% (95% CI 57.4-69.0%) [29] . We identified a second risk score for CRC in symptomatic patients, based on FIT age and sex (the Faecal haemoglobin, Age and Sex Test (FAST) score) [53] , which was developed as a simplification of the COLONPREDICT model approach [50] . The logistic regression model used to develop the FAST score included gender, age as a continuous variable and f-Hb as a categorical variable (0, 0 to < 20, 20 to 200, and ≥ 200 μg Hb/g faeces [53] . The validation cohort for this model used data from five studies included in this systematic review [28, 29, 32, 33, 50] , incorporating data from a number of FIT assays, including OC-Sensor and HMJACKarc [28, 29, 32, 33] , and an additional cohort recruited to the COLONPREDICT study between March 2014 and March 2015 [50] . The example FAST score cut-offs used to assess the performance in the validation cohort corresponded to the beta coefficients of the FAST score with 90% and 99% sensitivity in the development cohort (4.50 and 2.12, respectively. In the validation cohort, a FAST score of ≥ 4.50 had a sensitivity of 89.3% (95% CI 84.1-93.0%) and a specificity of 82.3% (95% CI 81.1-83.5%) for CRC. In order to avoid missing any CRC, a lower FAST score cutoff of ≥ 2.12 was required; the sensitivity and specificity estimates at this cut-off were 100% (95% CI 97.7-100%) and 19.8% (95% CI 18.6-21.1%), respectively, for CRC and 96.7% (95% CI 94.9-98.0%) and 21.5% (95% CI 20.1-22.9%) for AN [50] . Four studies reported information about uptake rates in participants invited to provide a sample for FIT [28, 29, 31, 32] . The proportion of people invited to participate in FIT who return a faecal sample can be regarded as a possible indicator of the acceptability of the test; however, the context in which patients were asked to provide a sample for FIT was also considered to be a key factor influencing uptake. Reported uptake rates for the OCSensor studies included in our review varied widely, ranging from 41% (in a study where patients were sent an invitation to participate along with their referral letter [32] ) to 98% (in a study where patients were given the specimen collection device at their initial consultation with a gastroenterologist [29] ): it is important to recognise that neither study was Study estimate Summary point HSROC curve 95% confidence region 95% prediction region Fig. 3 HSROC for the OC-Sensor assay using a 10 μg Hb/g faeces cut-off and a single sample (four studies) done in a primary care setting in which a GP would discuss the investigation with the patient and give a specimen collection device and associated literature at this time of consultation.
Diagnostic performance of the HM-JACKarc FIT assay
Two of the three studies that evaluated the HM-JACKarc assay reported accuracy data, where CRC was the specified target condition [33, 52] . The prevalence of CRC diagnosed at colonoscopy in these studies was 2.2% [33] and 4.7% [52] . Only one study [33] also reported data for the composite target condition of AN (CRC or HRA). Two studies reported additional accuracy data for various nonmalignant and composite target conditions [33, 52] . Accuracy data, for all target conditions and f-Hb cutoffs evaluated, are summarised in Table 3 .
The optimal test performance (maximising both sensitivity and specificity) appeared to occur at the f-Hb cutoff of 10 μg Hb/g faeces. The estimates of sensitivity and specificity at this cut-off, derived from a single study, were 100% (95% CI 71.5-100%) and 76.6% (95% CI 72.6-80.3%), respectively [33] . Using accuracy and prevalence data from this study and the 10 μg Hb/g faeces cut-off to consider the outcome of testing for a hypothetical cohort of 1000 patients indicates that no CRC would be missed, but 229 unnecessary colonoscopies would be carried out (assuming that all patients with a positive FIT result receive a colonoscopy and that all colonoscopies conducted in patients without CRC are considered unnecessary); CRC would be correctly ruled out by FIT, avoiding colonoscopy, in 749 of the 1000 patients (Fig. 5a ). Expanding the target condition from CRC only, to include CRC or HRA, resulted in an increase in prevalence from 2.2 to 5.9% [33] . If the 10 μg Hb/g faeces cut-off were applied to the expanded target condition, for the hypothetical cohort of 1000 patients, 22 cases of HRA would be missed, 205 unnecessary colonoscopies would be carried out and CRC and HRA would be correctly ruled out in 727 patients (Fig. 5b) . Approximately 10% of those classified as having a false positive FIT result for CRC would have HRA identified at colonoscopy and a further 10% would be diagnosed with other significant bowel disease (IBD or colitis (Table 3) ) [33] . Data from one study [34] indicated that the sensitivity of HM-JACKarc for AN was higher in men than in women and when the highest value from two consecutive faecal samples was used compared to using only the first sample; full results are provided online (Additional file 6: Table S5 ).
Two studies reported information about uptake rates in participants invited to provide a sample for FIT [33, 52] . The proportion of samples returned was higher (66%) in the study where information and collection devices were provided at an outpatient appointment [52] than in the study which sent collection devices and information by post (56%) [33] . a b Fig. 4 Testing outcomes for a hypothetical cohort of 1000 patients using OC-Sensor at the 10 μg Hb/g faeces threshold, for the target condition a CRC and b AN 
Diagnostic performance of the FOB Gold FIT assay
One study, reported in a conference abstract, assessed the performance of the FOB Gold FIT assay in symptomatic patients [30] . This study only reported data for the composite target condition of significant bowel disease, defined as cancer, polyps or bleeding; sensitivity and specificity were reported as 45.2% and 92.3%, using an f-Hb cut-off of 9 μg Hb/g faeces [30] . Insufficient information was provided to allow calculation of confidence intervals and 2 × 2 data. The unpublished study provided by Sysmex UK Ltd was considered by the NICE Diagnostics Appraisal Committee, when formulating the published recommendations, which include the FOB Gold assay [16] .
Discussion
Statement of principal findings
All studies included in our systematic review were diagnostic cohort studies reporting accuracy data. When FIT was based on a single faecal sample and an f-Hb cut-off of 10 μg Hb/g faeces, sensitivity estimates indicated that a negative result using either the OC-Sensor or HM-JACKarc may be considered adequate to rule out most CRC. The summary estimate of sensitivity for the OC-Sensor was 92.1% (95% CI 86.9-95.3%), based on four studies [28, 29, 32, 35] , and the negative predictive value varied between 99.4 and 100% across these studies. The only study of HM-JACKarc to assess the 10 μg Hb/g faeces cut-off reported a sensitivity of 100% (95% CI 71.5-100%). Where a lower diagnostic threshold was considered, i.e. the target condition included HRA as well as CRC, the rule-out performance of both FIT methods was reduced.
Evidence suggests that risk scores may have the potential to provide a more reliable rule-out method than FIT alone at lower thresholds of disease, but that this is achieved at the cost of very poor specificity [50, 53] . Triage using FIT at an f-Hb cut-off of 10 μg Hb/g faeces has the potential to correctly rule out most CRC and avoid colonoscopy in 75-80% of symptomatic adults. In addition, the apparent relatively high number of FIT false positive results observed when the target condition is CRC may be mitigated by the detection of other bowel pathology in these patients. Because all of the included studies were conducted in patients for whom a referral to secondary care had already been made or was being considered, these estimates of the triage performance of FIT can be considered to have incorporated the judgement of primary care clinicians. The full potential benefits of FIT in symptomatic patients, including those relating to diagnoses other than CRC, remain unclear. This issue may be particularly important in younger patients, where the prevalence of CRC is lowest and other diagnoses, particularly IBD, are more likely. Strengths and weaknesses of study
Our study followed rigorous systematic review methodology, and our findings have informed the development of up-to-date guidance. The new NICE DG30 diagnostic guidance, now published, states: 'The OC Sensor, HMJACKarc and FOB Gold quantitative faecal immunochemical tests are recommended for adoption in primary care to guide referral for suspected colorectal cancer in people without rectal bleeding who have unexplained symptoms but do not meet the criteria for a suspected cancer pathway referral' [15] . Limitations of our review include a lack of studies directly comparing the performance of different FIT assays; thus, all data included in our assessment describes the clinical effectiveness of individual FIT methods and not their comparative effectiveness. Three of the ten studies included in our systematic review were rated as 'high' risk of bias on the flow and timing domain, because some patients who returned a sample for FIT (11-38%) were subsequently excluded from the analyses. However, we note that the main issue with respect to study quality was the fact that no study reported data totally specific to the low risk, symptomatic population defined in the 2015 version of the NICE guideline for suspected cancer recognition and referral (NG12) [4] ; all studies included some participants who had symptoms (e.g. rectal bleeding) that are considered to be associated with a higher probability of CRC and are components of the current criteria for 2-week wait suspected cancer referral. The prevalence of CRC is likely to differ between populations with different presenting symptoms, and it is well known that the prevalence of the target condition can affect estimates of test performance [54] . The median prevalence of CRC in those studies included in our review, which used the optimal fHb cut-off of 10 μg Hb/g faeces, was 3.7% (range 2.1-5.4%), compared to the estimate of 1.5% for the relevant symptomatic group used in NG12 [55] . There is insufficient information to determine whether this difference will affect the performance of FIT in primary care. However, it could be argued that the patients included in the studies in our review are representative of those for whom FIT would be useful in practice, irrespective of existing referral guidelines. A comparison of FIT to the NICE 2-week wait referral criteria was outside the scope of our study; however, two of the studies included in our systematic review did consider this issue [29, 50] . These studies reported the development and validation of risk prediction models for CRC [48] and AN [29] ; f-Hb was identified as an independent predictor in both, and in both cases the final model demonstrated improved rule-out performance compared to the NICE 2-week wait referral criteria. The score based on the AN model had an optimum sensitivity of 88.1% (95% CI 74.3-96.0%) compared to 38.3% (95% CI 30.0-47.2%) for the NICE criteria [29] . This study also reported data indicating that FIT alone, at the f-Hb cut-off of 10 μg Hb/g faeces, could offer improved rule-out performance for CRC compared to the NICE 2-week wait referral criteria; the sensitivity estimate for FIT was 96.7% (95% CI 82.2-99.9%), compared to 46.7% (28.3-65.7%) for the NICE criteria [29] . The FAST score had an optimal sensitivity of 99.5% (97.0-100%) compared to 68.2% (95% CI 61.5-74.3%) for the NICE referral criteria [50] .
Strengths and weaknesses in relation to other studies Systematic reviews have previously been conducted which assessed the performance of various FIT assays in screening settings [56, 57] . However, given the potential for target condition prevalence to affect estimates of test performance [54] , it is important to determine the diagnostic accuracy of FIT in the population of interest. We identified one large systematic review which assessed the value of symptoms and additional diagnostic tests for CRC, used in symptomatic patients in primary care [58] . However, the searches for this review were completed in 2008, and it included only three studies of quantitative FIT assays which examined asymptomatic people as well as symptomatic patients. Our systematic review is the first to assess the performance of quantitative FIT as a triage test in patients with symptoms and to consider the potential utility of applying FIT as part of a simple risk score.
Unanswered questions and future research
Population data indicate that f-Hb varies with age and sex, being higher in men and the elderly [59, 60] . Further, a recent study conducted in Scotland found that f-Hb also increased with increasing levels of deprivation (measured using the Scottish Index of Multiple Deprivation), and that this trend remained after controlling for age and sex [61] . Thus, at any f-Hb cut-off, more men, more older people and more people in high deprivation groups are likely to have a positive result on FIT testing. The findings on deprivation have been confirmed in a recent study performed in England [62] . We did not identify any subgroup test performance data for the target condition CRC; however, one of the studies included in our systematic review compared the accuracy of a FIT assay (HM-JACKarc) in men and women [34] for the target condition AN. This study found that, at all f-Hb cut-offs, the observed sensitivity of HM-JACKarc was higher in men than in women and the observed specificity was similar for men and women [34] . This indicates that, at any given f-Hb cut-off, more women than men with CRC or HRA may be missed by using FIT as a triage test to determine referral to secondary care. Validation data for the FAST Score [50] indicated that there were no significant differences in the sensitivity of this tool between men and women, patients under 50 years of age and those who were 50 years or over and FIT analytical system used. More data are needed to adequately assess whether there are clinically relevant differences in test performance between men and women and between other clinically relevant sub-groups: such data are needed for all FIT assays. The effects on FIT performance of using multiple faecal samples per patient remain unclear. One study [34] included in our systematic review compared single versus double sampling and asked patients to collect two consecutive faecal samples. This study reported that sensitivity for AN was increased (at all f-Hb cut-offs) when the highest value from two consecutive samples was used, compared to using only the first sample; FIT results were discordant in 39.2% of participants [34] . There is currently insufficient information about intraindividual variation in f-Hb over time to determine the clinical utility of multiple sampling.
The scope of our systematic review did not include evaluation of the performance characteristics of FIT when used in combination with other biomarkers. Two of the studies in our systematic review did compare FIT and calprotectin assays for detection of significant bowel disease and concluded that FIT alone had better rule-out performance [28, 52] . Combination testing, where a positive result was defined as both tests positive, provided increased specificity [52] . FIT, at an f-Hb cut-off of 7 μg Hb/g faeces, combined with faecal calprotectin, at a cut-off of 50 μg/g faeces, had sensitivity, specificity and negative predictive value (NPV) values of 69.6% (95% CI 50.8-88.4%), 92.5% (95% CI 90.0-95.0%) and 98.3% (97.0-99.5%), compared to 91.3% (79.8-100%), 79.2% (75.3-83.0%) and 99.4% (98.6-100%) for FIT alone [52] . However, where a positive result was defined as either test positive, the addition of faecal calprotectin to FIT offered no advantages [28] . The sensitivity, specificity and NPV values for any detectable f-Hb or faecal calprotectin ≥ 50 μg/g faeces were 100%, 23.3% and 100% compared to 100%, 43.4% and 100% for any detectable f-Hb. Following the evaluation reported here and the promulgation of the draft guidance from NICE [16, 63] , a peerreviewed publication on the performance of the HMJACKarc [64] on 430 patients expanded on the preceding study [52] . The additional data confirmed that FIT at an f-Hb cut-off of 7 μg Hb/g faeces is sufficiently sensitive to exclude most CRC, with higher values in leftsided lesions. Faecal calprotectin in combination did not appear to provide additional diagnostic information [52] . In contrast, we identified one further study which did not meet the inclusion criteria for our systematic review because it used a FIT assay unavailable in the UK and Europe, but which reported data on the performance characteristics of FIT in combination with faecal calprotectin, M2-PK or both (where a positive result was defined as at least one test positive) for the target conditions CRC and HRA, as well as data on the performance characteristics of FIT alone [65] . Faecal calprotectin is an inflammatory marker, whilst M2-PK is a key enzyme in tumour metabolism [65] . This study found that, in all cases, the addition of at least one further test to FIT resulted in markedly increased sensitivity and decreased specificity. The sensitivity and specificity estimates for FIT alone and CRC were 61.7% (95% CI 47.4-74.2%) and 88.8% (95% CI 84.1-92.3%); for the combination of FIT and faecal calprotectin these estimates were 90.9% (95% CI 78.8-96.4%) and 35.9% (95% CI 29.7-42.6%), for FIT and M2-PK, sensitivity and specificity were 91.5% (95% CI 80.1-96.6%) and 57.1% (95% CI 50.6-63.2%) and for all three markers they were 95.7% (85.7-98.8%) and 24.1% (18.8-30 .2%) [65] . Although all sensitivity estimates were generally lower, this pattern was repeated where the target condition was AN [65] . A second study also found that combining faecal calprotectin with FIT (where a positive result was defined as either or both tests positive) resulted in increased sensitivity and decreased specificity for AN (92% (95% CI 82-97%) and 49% (95% CI 43-54%)) compared to FIT alone (74% (95% CI 62-83%) and 82% (95% CI 78-86%)) [66] . This study did not meet the inclusion criteria for this assessment because it used a qualitative FIT method. The effectiveness of combining other biomarkers with quantitative FIT (at the f-Hb cut-off at which FIT is likely to be used in practice) remains unclear.
Conclusions
Implications for clinicians and policy makers
There is evidence to suggest that triage using OC-Sensor or HM-JACKarc FIT, at an f-Hb cut-off of 10 μg Hb/g faeces, has the potential to correctly rule out CRC and avoid colonoscopy in 75-80% of symptomatic patients. The relatively high proportion of FIT false positive results observed when the target condition is CRC may be mitigated by the potential to detect other bowel pathology in these patients. However, the importance of clinical judgement cannot be overemphasised. All of the studies included in this review were conducted in symptomatic populations selected on the basis of a GP's intention to refer rather than on the presence of a specific set of symptoms alone; overuse of FIT or blanket referral following a positive result has the potential to overwhelm colonoscopy services. There are currently no data on the comparative performance of different FIT assays in this population. Given the trade-off between ease of use/simplicity and diagnostic performance, the clinical value of using additional variables (e.g. symptoms and further diagnostic tests) to develop risk scores for CRC and/or other significant bowel disease is likely to require further investigation.
